Background: The risk factors implicated in the genesis of chronic subdural hematomas include old age, alcoholism, diabetes mellitus, arachnoid cysts, coagulopathy, anticoagulant (ACTh) and antiplatelet drugs. However, no study has reported an association between arterial hypertension (HTA) and chronic subdural hematomas. Therefore, the aim of this study was to investigate whether HTA is a risk factor for spontaneous chronic subdural hematomas (SCSDHs). Methods: This multicenter study included patients aged over 60 years and was conducted from January 2009 to the end of 2015. One hundred and twenty-two patients with SCSDHs and 111 controls treated for other reasons with no evidence of intracranial hemorrhages on brain computed tomography were enrolled. The patients were separated into three age subgroups to provide a better insight into the role of risk factors with age. Results: The average age in the SCSDH group was 74.45 ± 8.16 years, compared to 71.28 ± 6.69 years in the control group. The SCSDH group was significantly older than the control group (p ¼ 0.0014). The patients in the 60e69 years age group diagnosed with SCSDHs had significantly higher rates of HTA (p ¼ 0.0519), ACTh treatment (p ¼ 0.0292) and alcoholism (p ¼ 0.0300) than the control group. The patients in the 70e79 years age group diagnosed with SCSDHs had significantly higher rates of HTA (p ¼ 0.0071) and ACTh treatment (p ¼ 0.0158) than the control group. In the subgroup of patients older than 80 years, there were no statistical differences. Conclusion: The incidence of HTA had borderline significance in the patients aged 60e69 years with SCSDHs and statistical significance in the patients aged 70e79 years with SCSDHs. Anticoagulant therapy was the most significant risk factor. Among the patients with SCSDHs aged 60e69 years, the percentage of heavy drinkers was significantly higher than in the control group.
Introduction
The risk factors commonly associated with the genesis of chronic subdural hematomas (CSDHs) include alcoholism, diabetes mellitus (DM), old age, arachnoid cysts (ACs), 1 coagulopathy, anticoagulant (ACTh), and antiplatelet (APTh) therapy. 2, 3 Compared to traumatic hematomas, spontaneous subdural hematomas are often not considered to be a distinct group of hemorrhages when clinical features, therapy, and outcomes are taken into account. The atraumatic nature of this type of bleeding means that potential patients can be identified based on their age, sex and comorbidities. In addition, spontaneous intracranial Conflicts of interest: The authors declare that they have no conflicts of interest related to the subject matter or materials discussed in this article.
hypotension (induced by cerebrospinal fluid fistula, lumbar puncture, spinal anesthesia, 4 spinal surgery or sudden intracranial decompression) has also frequently been reported to be a cause of CSDHs.
Traumatic CSDHs are defined as bleeding in the subdural space caused by trauma to the head. Such patients present with objective findings (head skin stigmata or with minimal subdural bleeding following the traumatic event on the initial brain computed tomography (CT) scan) or positive anamnesis and/or heteroanamnesis. If neither the patients nor their relatives recall any previous trauma or accident, it should be defined as spontaneous. If the patient denies trauma to the head but members of the family confirm trauma, than it should be considered as traumatic.
No previous study has reported an association between arterial hypertension (HTA) and CSDHs. Therefore, the aim of this study was to investigate whether HTA, in addition to other factors, is a risk factor for spontaneous chronic subdural hematoma (SCSDHs). Moreover, very few studies have investigated the risk factors for atraumatic subdural bleeding. We hypothesized that SCSDHs should be classified as being truly non-traumatic, as the key determinant for the occurrence of CSDHs is sufficient subdural space, that is, cerebral atrophy, and the most common and universal cause of cerebral atrophy is aging. 5 As the geriatric population steadily increases worldwide and as CSDHs are typically a disease of old age, analyzing the risk factors for CSDHs is a matter of global medical interest.
Methods
This multicenter study was conducted at two neurosurgical centers from January 2009 to the end of 2015. One hundred and twenty-two patients older than 60 years of age who had been diagnosed with atraumatic SCSDHs were enrolled. None of the patients had any anamnesis or heteroanamnesis data of even minimal head injury in the last 3 months, nor any objective findings of skin stigmata from a recent head injury. The diagnosis of CSDH was confirmed both on preoperative brain CT and intraoperatively. These patients were classified as the SCSDH group.
The prospective control group consisted of 111 randomly selected patients older than 60 years of age who were treated at our institutions for various reasons not related to serious signs and/or symptoms of head injuries. All of these patients had some kind of positive medical history requiring brain CT and/or magnetic resonance imaging (MRI) examinations. None of initial or control (within 3 months) brain CT and/or MRI scans showed any kind of intracranial hemorrhage. Of the control group, 43 patients had a moderate head injury, 32 had some form of benign brain tumor, 14 had symptomatic headaches, 12 had cervical spine injuries, and 10 were tested for an unruptured cerebral aneurysm. While being aware that patients with head injuries have a tendency to develop CSDHs, we decided that CT and/or MRI scans were reliable enough to include the 43 patients with moderate head injuries into the control group.
The cervical spine injuries were not associated with any kind of head injury, irrespective of their mechanism of origin. The patients were separated into age groups and tested for statistical differences with regards to the following risk factors: usage of ACTh and APTh therapy, HTA, DM, alcoholism, and the presence of ACs.
Data are presented as mean ± standard deviation, and statistical significance was defined as p < 0.05 in all comparisons. Statistical significance was analyzed using the chi-square test for categorical variables and two-sample t-tests for continuous variables. The results are presented in tables as numeric values and percentages.
Since the recommended classification was unchanged in the 2003 and 2007 European Society of Hypertension/European Society of Cardiology guidelines, hypertension was defined as systolic blood pressure 150 mmHg and/or diastolic blood pressure 90 mmHg. 6, 7 The patients were defined as having hypertension in this study based on cardiology examinations, previous medical records and therapy, taking into account that we were dealing with an elderly population. The patients with DM were defined according to already extensively published guidelines for the diagnosis and classification of diabetes. 8, 9 In brief, we used the current World Health Organization diagnostic criteria for diabetes e fasting plasma glucose 7.0 mmol/l (126 mg/dl) or 2eh plasma glucose 11.1 mmol/l (200 mg/dl). Impaired glucose tolerance was not treated as frank diabetes and therefore was not taken into account.
To identify the patients with alcohol addiction, we used the Alcohol Use Disorders Identification Test (AUDIT) to identify those with hazardous and harmful patterns of alcohol consumption. 10, 11 Alcoholism was defined on the basis of previous medical records or anamnesis and heteroanamnesis questionnaires where the patients themselves or their relatives described them as heavy drinkers consuming 14 drinks a week (equivalent to 210 g ethanol) for men or 9 for women (equivalent to 140 g ethanol).
ACTh drugs included oral anticoagulants such as warfarin, acenocoumarol or the subcutaneous application of heparin (nadroparin-calcium). Some of the patients used a new generation of oral anticoagulants including dabigatraneteksilat and rivaroxaban. The APTh drugs used by the patients in this study included aspirin and clopidogrel. The therapy for each patient was prescribed either by a cardiologist or vascular surgeon. We included only those patients who took any form of the therapy on a regular daily basis. ACs were identified on brain CT and confirmed by a radiologist.
Results

Age and sex
The average age in the SCSDH group was 74.45 ± 8.16 years, compared to 71.28 ± 6.69 years in the control group. The SCSDH group was significantly older than the control group ( p ¼ 0.0014). There were 87 males and 35 females in the SCSDH group, and 65 males and 46 females in the control group.
Arterial hypertension
Overall, 171 of the 233 (75.97%) patients had HTA. Of these patients, 59 (34.50%) did not take antihypertensive therapy prior to hospital admission, and 35 (20.47%) were unaware of this medical problem. The remaining 24 (14.04%) patients did not take any antihypertensive medications despite the recommendations of a physician. One hundred and three (84.40%) patients in the study group had HTA, compared to 68 (61.26%) in the control group.
Diabetes mellitus
Overall, 56 (24.03%) patients had DM, including 34 (27.87%) in the SCSDH group and 22 (19.81%) in the control group. Of these 56 patients with DM, 48 (85.72%) had type 2 diabetes.
Anticoagulant therapy
Overall, 44 (18.88%) patients were taking ACThs, including 32 (26.23%) in the SCSDH group and 12 (10.81%) in the control group. In all of the patients that used an older type of ACTh, the international normalized ratio (INR) values were higher than 1.8 on admission, including 16 patients (36.36%) with an INR higher than 3, and three patients (6.82%) with an INR higher than 8.
Antiplatelet therapy
Overall, 37 (15.88%) patients used APThs, including 22 (18.03%) in the SCSDH group and 15 (13.51%) in the control group. Three patients used a new generation of oral anticoagulant, and five patients used both ACThs and APThs.
Alcoholism
There were 25 heavy drinkers in this study, or 10.73% of the total 233 patients, including 17 in the study group (16.50%) and eight (7.2%) in the control group. All of the heavy drinkers except one were male.
Arachnid cysts
All of the ACs were located in the temporal fossa. Two were type I and one was type II.
Age groups and risk factors
There were 38 patients in the SCSDH group aged from 60 to 69 years, 48 patients aged from 70 to 79 years, 33 patients aged from 80 to 89 years, and three patients older than 90 years. In the control group, there were 53 patients aged from 60 to 69 years, 46 patients aged from 70 to 79 years, 11 patients aged from 80 to 89 years, and one older than 90 years. The distributions of the risk factors for CSDHs in the different age groups are shown in the tables below.
In the 60e69 years age group, ACTh and alcoholism were significantly different compared to the other two analyzed age groups ( Table 1 ). The patients in this age group who had been diagnosed with SCSDHs had significantly higher rates of ACTh therapy ( p ¼ 0.029) and alcoholism ( p ¼ 0.030) than the control group. In this group, HTA was borderline significant ( p ¼ 0.052). In the 70e79 years age group, HTA and anticoagulant therapy were significantly different compared to the other two analyzed groups ( Table 2 ). The patients in this age group who had been diagnosed with SCSDHs had significantly higher rates of HTA ( p ¼ 0.007) and ACTh therapy ( p ¼ 0.016) than the control group. In the over 80 years age group, no variables were significantly different compared to the other two analyzed groups (Table 3) . 
Discussion
Chronic subdural hematomas are generally regarded to be a traumatic lesion, and head injury is the most common risk factor, with most patients recalling a head injury or fall. 12 In a large study conducted on 1000 patients, 61.7% stated that they had recently experienced head trauma. 13 The formation of posttraumatic CSDHs has been widely discussed and is generally explained as bleeding after injury of fragile subdural bridging veins rather than in the subarachnoid portion. Traumatic subdural hygromas or laminar acute subdural hematomas seem to be an uncommon alternative stage in the formation of CSDHs. 14 The formation of SCSDHs has been attributed to forgotten mild trauma of the head or a fall without hitting the head. Coagulopathy 15, 16 and other medical procedures 17 have also been associated with the genesis of SCSDHs. SCSDHs have a venous origin of bleeding, and therefore resemble the formation of perimesencephalic (also known as pretruncal) subarachnoid hemorrhages. Both have a venous origin, 18 and therefore have clinically modest manifestations compared to aneurismal subarachnoid hemorrhages or extensive acute subdural hematomas of arterial origin. Canhao et al. reported that hypertension was an independent risk factor for perimesencephalic subarachnoid hemorrhages. 19 Therefore, we hypothesize that hypertension may also be a risk factor for the formation of atraumatic SCSDHs. To the best of our knowledge, no other clinical study has proposed this hypothesis.
All of our patients were older than 60 years, however the SCSDH group was significantly older than the control group. The patients were divided into three subgroups according to age in order to be able to compare age-homogenous comparative subgroups. Our results suggest that hypertension was a significant risk factor for the patients with SCSDHs aged 70e79 years ( p ¼ 0.007), borderline significant for those aged 60e69 years ( p ¼ 0.052), but not significant for those over 80 years.
The bloodebrain barrier is a highlyselective semipermeable physical barrier that is characterized by specific morphologic and functional properties. It consists of microvascular endothelial cells connected by tight junction proteins, and its purpose is to separate circulating blood from brain extracellular fluid while still allowing intensive cellular transport. It is well known that aging disrupts these processes, resulting in a decline in overall bloodebrain barrier function and integrity. 20 Age-related morphological changes occur at both a tissue and subcellular level, first as a decreased capillary lumen size with increased tortuosity 21 and also as a decrease in parenchyma micro vascularity of the whole brain. 22 A reduced number of mitochondria per endothelial cell then suggests impaired energy-dependent intracellular processes. 20 Functional impairment of the bloodebrain barrier presents as inadequate transport of amino acids, hormones, and glucose. Insufficient transbarrier transport in a geriatric population has been shown in vitro, 23 and also in vivo by using positron emission tomography while assessing transport of radiolabeled verapamil. 24 In patients with a disrupted bloodebrain barrier, HTA has been shown to lead to higher intracranial pressure. 25 More than four decades ago, Johnson and Rowan showed that raised intracranial pressure can lead to a higher pressure inside cortical veins. 26 In their study, a close correlation was found between cortical vein pressure and intracranial pressure regardless of the method of raising intracranial pressure (overall correlation coefficient 0.98 26 ). Other authors have also reported similar findings regarding the relationship between intracranial pressure and pressure inside cortical veins. 27 With aging, the mass of the brain decreases, leading to an increase in the space between the brain and the skull ranging from 6% to 11% of the total intracranial space. This causes stretching of the bridging veins which are, therefore, vulnerable and prone to bleeding. 28 When the intravenous pressure inside cortical veins remains high due to unregulated and high arterial pressure, tearing of the stretched veins may occur. The anatomy of the bridging veins predisposes them to tearing within the border cell layer of the dura mater. Thus, the subdural hematoma actually develops within the dura, and then grows by continued bleeding into the border cell layer. The elevation of central venous pressure as the intracranial pressure increases is thought to result from an increase in outflow resistance of the terminal portion of the bridging veins. The increased intracranial pressure then causes further bleeding into the hematoma cavity via the torn bridging veins. 29 Both anticoagulant therapy and antiplatelet therapy have been significantly associated with an increased risk of CSDHs.
30e32 This association in patients receiving anticoagulant therapy appears to be even stronger in those who develop CSDHs in the absence of recent trauma. 33 Moreover, some authors have reported that using this kind of therapy can precipitate the formation of bilateral CSDHs. 34 In the present study, anticoagulant therapy was the most significant risk factor for the genesis of SCSDHs ( p ¼ 0.029 for those aged 60e69 years, and p ¼ 0.016 for those aged 70e79 years), while there was no statistical significance regarding APTh therapy. A possible reason for the lack of statistical significance may be because the use of the investigated drugs may have been omitted from the medical records of the patients who used APThs, unlike ACThs for which the usage is regularly evidenced in special cards. Although alcohol problems are often underestimated, drinking seems to be common among the elderly. In a study of community-dwelling persons aged 60e94 years, 62% were found to drink alcohol, and heavy drinking was reported in 13% of men and 2% of women. 35 In the study by Mirand et al., 35 heavy drinking was defined as having more than 14 drinks per week, as in the current study. Among our SCSDH group, 23.68% were heavy drinkers, compared to 7.55% in the control group ( p ¼ 0.030). We found no significant difference between the 70e79 and over 80 years age groups with regards to heavy drinking. Interestingly, the percentage of alcoholics was approximately two times lower than in the 60e69 years age group.
Heavy alcohol abuse accelerates brain atrophy, which is a per se risk factor for the formation of SCSDHs, and a normal finding in older populations. Shrinkage of the cerebral cortex and white matter, as well as possible atrophy of basal forebrain regions, may result from the neurotoxic effects of alcohol. 36 Some epidemiological and clinical studies have reported an association between heavy drinking and hypertension. However, the mechanism by which alcohol raises blood pressure remains a subject of discussion. 37 Alcohol can also affect both platelet production and function. Thus, heavy drinkers can display a wide spectrum of platelet abnormalities, including impaired platelet aggregation, decreased secretion or activity of the platelet-derived proteins involved in blood clotting, and prolongation of bleeding in the absence of thrombocytopenia. 38 Although the incidence of DM was higher in all of the SCSDH age subgroups compared to the control group, it did not reach statistical significance. Diabetes mellitus is well known to be associated with morphological changes of arterial macro and microvasculature. Stroke is considered to be a macrovascular complication of DM due to accelerated atherosclerosis of the magistral brain arteries. However, the cerebral microvasculature is also known to be affected by the disease, and the brain has been recognized as a target organ for microvascular complications of DM. 39 Thickening of the cerebral microvascular basement membrane compromises the integrity of adjacent vascular smooth muscle cells, pericytes and astrocytes, along with degeneration of the endothelium. 40 Changes of the microvasculature could play role in the genesis of CSDHs, with regards to the evolution from small laminar initial acute subdural hematomas.
A literature review revealed only a few case reports on the association between ACs and spontaneous 41e43 or posttraumatic chronic subdural hematomas. 44, 45 This is consistent with our study, where we only had three cases overall, including two in the 60e69 and one in the 70e79 years age subgroups. These patients had smaller Sylvian fissure cysts (type I and II), and none had type III cysts. 46 Due to the small number of patients with ACs, we could not perform statistical analysis. This is probably owing to the fact that younger, even pediatric patients are more prone to experience this combination. 47 In conclusion, in this study, the patients with SCSDHs were significantly older than the control group. The incidence of HTA reached borderline significance in the 60e69 years subgroup and statistical significance in the 70e79 years subgroup of patients with SCSDHs. ACTh therapy was the most significant risk factor for the genesis of SCSDHs. Among the patients aged 60e69 years with SCSDHs, the percentage of heavy drinkers was significantly higher than in the control group.
